, determined by titration (SIO), appears reliable to ±5%, but atomic absorption analyses tend to be systematically high, a problem which becomes more pronounced with depth. A model for apparent constant estimation (MACE) has been developed to facilitate comparison of the carbonate parameters which were measured (Σ alkalinity, ΣCC»2, pH, and PcOi^• Alkalinity calculated from ΣCC"2 and PCO? laboratory measurements agrees with shipboard titrations, but calculation of ΣCC>2 from alkalinity and pH measurements suggests that some CO2 loss has occurred between pore water extrusion and ΣCC>2 analysis. Punch-in pH measurements are consistent with gas pocket PCO7 within 0.2 pH units at Site 147, but are systematically lower than pH measurements on extruded water at Sites 147 and 148. This may be due to liquid junction potentials but is more likely attributable to CO2 loss during extrusion.
INTRODUCTION
The aim of the DSDP pore water probram is to use interstitial water composition to define diagenetic mechanisms and rates. This requires a knowledge of in situ conditions, and several complications must be considered. Contamination of interstitial water with seawater may occur during drilling. Gas may be lost from cores with high gas pressure. Temperature and pressure during pore water extrusion differ from in situ conditions.
The intensive geochemical sampling done on Leg 15 offered an opportunity to examine the effects of these complications and a chance to compare several different types of measurements and estimate the confidence which may be placed in each. Of particular interest is the carbonate system, the one which is quite likely to be affected by temperature and pressure perturbations from in situ conditions.
MAJOR ELEMENT COMPOSITION
Three investigators analyzed complete profiles of pore water: Sayles et al. (WHOI) determined major and minor Lamont-Doherty Contribution No. 1834. constituents of samples squeezed at 4°C (abbreviated CS) and 22°C (abbreviated WS), Presley et al. (TAMU) determined major and minor constituents of CS samples; and Gieskes (SIO) determined calcium, magnesium, and total alkalinity of CS and WS samples. Table 1 contains a combination of their data selected to best represent the pore water composition of each sample. Procedures used in this selection, systematic differences, and suggested confidence limits (followed in parentheses by the fraction of samples falling within these limits) are discussed in the following paragraphs. All data for [ 
ClT
AMU determines chloride using a titration with Hg(N03)2 and a visual end point. WHOI does a Mohr titration using AgNθ3 and a potentiometric end point. The two sets of data generally agree within ±1% (32/47), although TAMU values are systematically about \Vi% greater at Sites 147 and 148. Since the WHOI data show a smoother profile with depth, they are selected as superior. Sample 147B-1-2 147B-1-3 147B-1-4 147B-1-4 147B-14 147B-2-3/4 147B-2-2 147B-2-6 146B-4-3/4 147B-6-2 147B-8-2/3 147B-7-4 147B-9-4 147-10-3/4 147B-11-3 147C-2-1 147C-4-4 147C-7-4 148-1-2 148-1-4 148-2-1 148-2-3 148-3-3 148-1-3 148-5-2 148-64 148-7-3 148-8-3 148-9-4 148-10-3 148-124 148-14- Underlined data are considered inaccurate; C = contamination with fresh water during drilling. 50 -
these samples, the SIO results are accepted as more reliable. If no WS titration result for calcium was reported, it is assumed equal to the CS calcium titration. At Sites 148 and 149, the WHOI results show a slightly smoother profile than the SIO results, but are systematically higher, a discrepancy which increases with depth. The TAMU results are in slightly better agreement with the SIO results but appear to be less precise and also tend to be greater than the titration values. Since titration and atomic absorption results for magnesium generally agreed within ±1.0 mmol/kg, titration calcium should be equally reliable. However, the WHOI [Ca ++ ] measurements on samples below 160 meters at Site 149 average about 4 mmol/kg greater than the SIO results. Below 130 meters at Site 148 and between 100 and 160 meters at Site 149, they are about 1.5 mmol/kg greater. A similar, although smaller, discrepancy exists between the TAMU and SIO results in the same regions. The depth dependence of this discrepancy suggests that it might be associated with the matrix effect difference between pore water and the seawater standards used in atomic absorption analyses. The atomic absorption measurements from these regions are judged unreliable.
To check the SIO results which appear to deviate from the trend with depth, the titration magnesium for these samples was compared to the atomic absorption magnesium. Complementary calcium and magnesium discrepancies greater than ±1.0 mmol/kg were assumed to represent calcium titration errors, and the titration calcium was adjusted to remove this (3/14 CS values and 3/14 WS values, all at Site 149). The WS titration value at 141 meters at Site 148 is interpolated.
For all other samples, Table 1 lists an average of all reported analyses except those which clearly depart from the trend with depth and disagree with the average of the other two by ±0.5 mmol/kg or ±5%, whichever was larger (1/70 for WHOI, 10/29 for TAMU, 1/63 for SIO). Individual analyses generally agree with the average within ±0.25 mmol/kg or 2.5% (48/63 for WHOI, 41/61 for SIO, 10/25 for TAMU), with the TAMU data from Sites 147 and 148 being systematically about 0.6 mmol/kg greater than the average of all three.
DETERMINATION OF CONSTANTS FOR THE CARBONATE SYSTEM IN PORE WATERS
The carbonate parameters ΣC02, carbonate alkalinity, pR, Pcθ2' an( * [Cθ3 = ] compose a system which may be defined by a knowledge of any two of these parameters, the first and second apparent dissociation constants of carbonic acid for the system K{ and K{, and the solubility of CO2, α. The apparent constants K{ and K{ are defined by " HOLE 148 wherβ7/ is the activity coefficient of species i chosen so that a i = 7/td Estimation of these activity coefficients poses a difficult problem since they are functions of both ionic strength and solution composition. Lyman (1957) has empirically determined K^ and Kj for solutions of artificial seawater. Data from the GEOSECS I cruise (Takahashi et al., 1970) suggest that Lyman's K^ is accurate to 2% or better and Simpson's (1970) data indicate that near 25°C, Lyman's ratio of K[jK^ is accurate to 10%. a has been determined to better than 1% in salt solutions (Bohr, 1899; Harned and Davis, 1943) and in seawater (Krough, 1904; Li and Tsui, 1971) . Calculations of K{ and K[ for seawater from thermodynamic principles by Garrels and Thompson (1962) , Berner (1965) , and others have been less successful. Therefore, since pore water is often similar in composition to seawater, the approach adopted here is to adjust Lyman' The major difficulty in calculating the activity coefficients of interest is a result of the imprecise knowledge of the nature and magnitude of complex ion formation in seawater. Garrels and Thompson (1962) proposed a model for major ion complexing in seawater which may be used as a first approximation to the real system. Using their model and the major element composition listed in Table 1 
Assuming that the complexing of [B(OH) 4 ] is similar to [HCO 3~] , these constants become
Expressions to compute apparent constants for seawater are listed in Table 2a . The temperature and chloronity dependence for K^, A^2, and K ß is from a least squares fit to Lyman's (1957) data, α, K s , and the pressure depensp dence of the apparent constants are taken from relations given by Li et al. (1969) which were based on experimental data from Bohr (1899) and Harned and Davis (1943) as recalculated by Buch (1951) , from Maclntyre (1965) , and from Disteche and Disteche (1967) , respectively.
The effect of MACE is illustrated in Table 2b . The ratio of pore water constants to seawater constants is shown for several varieties of pore water (19%o chlorinity, 25°C), including the extremes of chemistry exhibited by samples considered in this paper. The silica, phosphate (Gieskes, this volume), and borate (Presley et al., this volume) data may be compared to the alkalinity data (Table 1) . The above equations clearly indicate that, in the observed pH range (Table 5) , the first two species contribute 0 to 0.5% and borate contributes 0.5 to 1.0%, while carbonate species contribute 99 to 100% of the total. Gieskes (this volume), using a modified Gran titration, measured alkalinity on shipboard. His results (Table 1) are plotted in Figures 13 to 15 . He estimates their accuracy as ±0.5%. To check their reliability, they can be compared (Table 4) with the ΣA calculated from the ΣCO 2 and Pcθ 2 results of Takahashi and Prince (Queens College, this volume), ΣB (TAMU), and ΣSI and ΣP (SIO). The median difference between calculated and measured alkalinity is 1% and the two generally agree within ±6% (13/18), about twice the sum of each investigators estimated uncertainties. The directly measured values are probably more reliable. Alkalinity titrations on stored samples (WHOI) scatter badly about the SIO and QC results. At Site 147 and the upper 70 meters at Site 148, the CS and WS alkalinities lie within about 4% of each other, with no apparent systematic trends. Below this depth at Site 148, however, and at Site 149, some interesting temperature effects appear, as noted by Gieskes (this volume). In the lower portion at Site 148, the WS alkalinity is about 0.2 meq/kg greater than the CS alkalinity. At Site 149 the same phenomenon is observed down to about 240 meters, where a transition occurs and the WS alkalinity is about 0.1 meq/kg greater than the CS alkalinity. The cause of these differences is not immediately obvious, but several mechanisms can be proposed.
Alkalinity of the aqueous phase is a conservative property and can be changed only by a transfer of ions between sediment and pore water. Increases with warming might occur by: 1) release of H 3 Si0 4~, PO 4~, B(OH) 4~, or OH" from adsorption sites on clay minerals;
2) adsorption of calcium by clay minerals, causing dissolution of CaCO 3 in order for the solution to return to saturation;
3) release of H + by clay minerals followed by solution of carbonate minerals.
Decreases with warming may occur by: 1) release of H + by clay minerals and no solution;
2) precipitation of CaCO 3 .
These mechanisms can be distinguished by considering the effect of temperature on both alkalinity and pH. Examination of the effects of the increase in squeezing temperature on water composition reveals that ZP shows little change (Gieskes, this volume), ESi generally increases by 0.05 to 0.10 mmol/kg (Gieskes, this volume), and ΣB may increase by about 30% or about 0.1 mmol/kg (Manheim et al., this volume and the carbonate phase is inert, alkalinity should decrease and pH should also decrease. If clay minerals do not affect the alkalinity but the carbonate phase is reactive, precipitation of CaCθ3 should occur, and again both alkalinity and pH should decrease. Thus, the alkalinity and pH can be used together to determine the nature of the influence of the clay phase and the responsiveness of the carbonate phase.
In 30/45 samples, alkalinity increases with temperature. As pointed out earlier, these appear to be real variations, showing depth dependence and increases often several times larger than the estimated analytical error. These increases are usually (21/30) accompanied by a pH decrease (to be discussed more completely in the following section) and only a few (4/30) show a pH increase. This strongly supports the hypothesis that, with an increase in temperature, clay minerals release [ At Site 149, a change in lithology from calcareous clay to calcareous radiolarian ooze occurs between 195 and 240 meters. This transition is reflected in the temperature effect on alkalinity. As the amount of clay drastically decreases, the alkalinity response to warming changes from an increase to a decrease of about 0.05 meq/kg, suggesting that precipitation of carbonate occurs. Since pH does not always show a corresponding decrease, some of the carbonate precipitation may be countered by the solution of anions of acids which are weaker than carbonic acid. To estimate the magnitude of each of these processes, the pH (Table 5 ) and alkalinity (Table 1 ) data for each sample were used to calculate ΣCO 2 The difference in ΣCO 2 between CS and WS samples is attributed to solution or precipitation of CaCO 3 . The amount of strong acid or weak base required to account for the alkalinity change which cannot be attributed to carbonate solution or precipitation was then calculated. The resulting trends are listed in Table 6 . In all but two regions, release of [H + ] by clay minerals and solution of carbonate is the dominant effect. In these two regions, carbonate precipitation and solution of anions of weak acids is apparent. At Site 149, this correlates with the disappearance of clay minerals, but at Site 148, the reason is unexplained. pH Three sets of shipboard pH measurements were made on each sample, two by Gieskes on the water samples extruded at 4°C (CS) and 22°C (WS) and one by Broecker by inserting electrodes directly into the sediment (PI). A glass capillary electrode in series with surface seawater and a saturated calomel electrode was used for the first two sets of measurements, and an ORION R model 90-02 double junction reference electrode and a Beckman 40471 glass electrode were used for the third set. Standardization was made with Beckman buffers of pH 6.86, 7.41, and 4.01. The accuracy of the CS and WS samples is estimated at ±0.05 pH units and that of the PI samples at ±0.08 pH units. The measurement temperature was usually 26 to 30°C for the pore water measurements and 18 to 25°C for the punch-in measurements. This data is tabulated in Table 5 .
To make all sets of measurements comparable, the alkalinity and pH at the measurement temperature were used to calculate ΣCO 2 , and, making the assumption that ΣCO 2 and alkalinity are independent of temperature, these two quantities were then used to calculate the pH at 25°C. The results of this calculation are also listed in Table 5 and are plotted in Figures 16 to 18 . The magnitude of pH temperature dependence can be estimated from Figure 19 in which pH is plotted as a function of temperature for pore waters with pH's of 7.0 and 8.0 at 25°C. This calculation was made for waters ranging in composition from seawater to varieties having the compositional extremes listed in Table 2b The resulting plots are indistinguishable in Figure 19 . Thus, pH variation with temperature is primarily a function of pH and the temperature dependence ofK±, A" 2 , taken here to be that measured by Lyman (1957) . Solution and precipitation of calcite would change the slope of this curve slightly, but not introduce a serious error in the temperature correction.
When all three sets of measurements are recalculated to 25°C, removing the temperature effect, it is clear from Table 5 that systematic differences exist. In most regions PI < WS < CS. The median differences between PI and WS measurements, and between WS and CS measurements, are summarized in Table 7 . The differences appear to be real. Individual measurements usually fall within 0.08 pH units of the median differences (46/58 for CS-WS, 29/41 for WS-PI). As suggested earlier in this paper, the discrepancy between CS and WS waters may be due to release of H + ions from clay minerals as the squeezing temperature is increased. Again, this effect disappears as the clay fraction decreases in the lower region at Site 149. The differences between PI and WS pH are more difficult to explain, since the PI measurement temperature is close to 22°C, the warm squeezing temperature. One possibility is that calcite may dissolve in extruded water samples due to the pressure increase. The terminal squeezing pressure was typically about 4500 kg total load, or about 70 atm. If half this value is chosen to represent the average WS equilibration pressure between water and calcite, calculation of the ΣCO 2 and alkalinity increases expected from the pressure increase suggests that the WS pH should be 0.02 units greater than PI pH. Thus, only a small portion of the difference can be attributed to squeezing pressure.
At Site 147, the large difference may be attributed to CO 2 loss during squeezing from the gassy core, after the PI measurement was made. Pco 2 °f tnese samples was about 0.1 atm (Hammond et al., LDGO, this volume) and even a brief exposure of the samples to the atmosphere could have had a marked effect on pH. At Site 148, the two measurements are closer but still significantly different. Gieskes (personal communication) has suggested that a difference of 0.1 pH units may be due to the difference in the liquid junction potential of the electrodes at the PI measurement temperature of 19°C and the WS measurement temperature of 27°C. This could also account for the discrepancy in the upper region at Site 149 but would increase the difference in the middle region. To summarize, PI pH is consistent with WSpH within about 0.2 units. The estimated measurement errors could account for half of this, but a systematic difference of about 0.1 units remains unexplained. This might be an artifact of liquid junction potentials, or perhaps a CO 2 loss between the two sets of measurements.
One aim of the geochemistry leg was to establish a reliability for the pH measurements. Except at Site 147, all three sets of measurements are consistent to 0.2 units. Two other estimates of pH can be made, one from ΣCO 2 and pCO 2 determinations (QC, Table 4) made on some CS samples, and another from pCO 2 measurements on gas pockets at Site 147. The pH values calculated (Table 5) from the first are about 0.5 pH units greater than those measured at Site 147 ( Figure 16 ) and about 0.25 pH units greater than those measured at Site 148 (Figure 17 ). This discrepancy has been attributed earlier in this paper to a CO 2 loss from QC samples of about 6%, but does not rule out the argument that all the pH measurements could be grossly in error, and, consequently, the calculation of ΣCO 2 from alkalinity and pH is in error. The latter explanation is unlikely because the second estimate (Table 5, Figure 16 ) of pH, made from alkalinity (SIO) and the pCO 2 of the gas pockets from Site 147 (LDGO), is consistent with PI results. Although some scatter exists, they show no systematic variation from the PI pH and also show similar systematic differences when compared to WS values, supporting the CO 2 loss hypothesis. Another argument for accepting the pH measurements as more reliable than those calculated from ECO 2 and pCO 2 is that the former indicate a degree of CaCO 3 saturation at squeezing conditions which is generally between 0.6 and 2.4, while the QC data yields far greater values. This will be discussed in the following section. Thus, the WS and CS measurements appear to be consistent within the estimated error of 0.05 units in each, if the influences of clay minerals are taken into account. PI measurements are consistent with gas pocket pCO 2 within 0.2 units, although they show systematic differences from WS and CS measurements, some of which might be due to liquid junction potentials. Undoubtedly, some of the scatter with depth among the three sets of data is due to analytical error, but it is likely that part of this may be real, since two or three types of measurements often show similar anomalies at the same level.
DEGREE OF SATURATION OF CaCO 3
Calcite is present at all levels in each drill hole. Perhaps, as suggested by Gieskes (this volume), the most instructive test of the consistency of the analytical data and the model for apparent constant estimation (MACE) is to calculate the degree of saturation of calcite, for each sample at the sampling conditions. Unfortunately, the picture is clouded by several problems. It has been shown earlier in this paper that carbonate solution and precipitation can occur on short time scales. It has not been shown, however, that the kinetics of these reactions are sufficiently rapid for equilibrium to be attained, or, more Lyman, 1957 Lyman, 1957 Lyman, 1957 1967 1967 1967 importantly, whether or not the reactive phase is calcite. Dolomite rhombs appear at Sites 147 and 148 (lithologic descriptions, this volume). If the pore water was saturated with calcite under in situ conditions, carbonate precipitation should have occurred as the cores were raised from the depths. As has been pointed out by Weyl (1957) and others, precipitation on a calcite substrate is likely to result in the construction of a magnesium-rich coating which inhibits further equilibration of solid and aqueous phases.
With these -problems in mind, the sensitivity of the calculation to input parameters can be examined.
[ Σ alkalinity, the error in £2 can be estimated at about ±30% (Table 8) . If MACE overestimates the effects of [Mg ++ ] decrease, it will be difficult to detect, but an underestimate greater than a factor of 2 could introduce a significant systematic trend in 12 with depth.
12 was calculated for CS and WS samples, using the pore water composition listed in Table 1 , the pH in Table 5 , the squeezing temperature, and estimated average squeezing pressure of 35 atm for Sites 147 and 148 and 23 atm for Site 149 (L. Waterman, personal communication). Calculations of 12 for PI measurements were made at 1 bar and the measurement temperature, using water composition interpolated from CS and WS analyses. The results of these calculations are plotted in Figures 20 to 22 . 12 is approximately constant with depth for each sample type in each site, but CS results are systematically more undersaturated than WS and PI values, and each site appears to have a distinct 12 (Table 9 ). Figure 23 schematically illustrates the pressure and temperature history of each sample. Dashed lines indicate changes which should cause calcite precipitation, solid lines those which should cause solution. To quantitatively estimate the magnitude of these changes, a pressure reduction of 50 atm should cause the precipitation of 0.1 mmol CaCC^/l and warming from 4°C to 22°C should cause an equal amount of solution. If precipitation kinetics are too slow to allow equilibrium to be attained, PI samples should be supersaturated, with those from Site 149 being farthest from equilibrium. The results, despite their scatter, indicate that PI measurements are consistent with the hypothesis that pore water equilibrates rapidly with calcite.
Cs and WS samples do not suggest this as clearly. Several puzzling trends exist. 12 for CS samples tends to be smaller than 12 for WS samples, and at Site 149, CS samples appear undersaturated with calcite. Since calcite appeared to be dissolving as temperature was increased, 12 for WS samples should be close to or less than 1.0. The third problem is that the core expected to be farthest from equilibrium when sampled, Site 149, has pore waters closest to saturation. As suggested earlier in this paper, CO 2 loss from Site 147 pore water samples during squeezing may have increased the pH, and consequently 12. Since Pcθ 2 increases with temperature, greater gas loss would be expected from WS samples, explaining the higher WS 12. The same argument could be applied to Site 148, where the PCO 2 is roughly 0.01 atm. Only a small amount of CO 2 loss (1-2%) would be required to change the pH by 0.15 units and bring 12 close to 1.0. At Site 149 the PCO2 °f samples is roughly half that of Site 148 samples and consequently less CO 2 loss might be expected. WS 12 is close to 1.0 as expected.
To summarize, it appears that pore water may equilibrate rapidly with calcite since Leg 15 pH measurements are consistent with this hypothesis. Squeezed samples from Sites 147 and 148 show slight calcite super saturation and may have lost CO 2 during collection. The undersaturation exhibited by CS samples from Site 149 remains a mystery.
It is interesting to note that 12 is constant to better than 20% in each set of measurements and shows no systematic Suess, 1970 ) that organic coatings can develop on calcite surfaces and inhibit rapid solution and precipitation. Sites 147 and 148 have significant organic content while Site 149 does not. Attributing the difference between PI and WSpH measurements to liquid junction potentials, claiming CO 2 loss occurred at Site 147, and that at Site 149 calcite and water can equilibrate rapidly but are inhibited by organic shields on calcite crystals at Sites 147 and 148 leads to the conclusion that Sites 147 and 148 water exhibit saturation under in situ conditions and that little precipitation has occurred as cores were retrieved. This hypothesis still fails to explain the CS undersaturation at Site 149 and also the observed alkalinity increases in the lower portions at Site 148. Consequently, the CO 2 loss hypothesis is favored although it is difficult to unequivocally ascertain. 2. The Garrels and Thompson (1962) model predicts that the apparent constants for the carbonic acid system will be different in pore water than in seawater. Their model is used to develop a computational procedure which calculates apparent constants for pore waters by adjusting experimentally determined seawater constants. This procedure predicts that if seawater constants were used, they would introduce a systematic error of up to 10% in calculating 12, the degree of saturation of calcite, primarily due to the low [Mg ++ ] in pore waters. It is estimated that the procedure is accurate to better than 10%.
3. The several carbonate parameters measured, Σ alkalinity, ΣCO 2 , PCO 2 ' an<^ tnree sets of pH, are internally consistent, although it appears that a CO 2 loss of about 6% may have occurred during collection and storage of the QC samples. Measurements of alkalinity and pH can be used to show that pore water may equilibrate rapidly with calcite as temperature and pressure fluctuate, as might have been anticipated from the saturometer experiments of Weyl (1967) and Ben-Yaakov and Kaplan (1971) . Consequently, to calculate carbonate parameters in situ, the temperature and pressure must t>e noted when pore water last contacts sediment. This equilibration may be hindered by organic material.
4. Clay minerals, where present, release H + ions as they are warmed. The reaction CaCO 3 + H+ Ca ++ + HCO 3õ ccurs, increasing alkalinity and decreasing pH. In regions where clay minerals are rare, CaCO 3 precipitation occurs as sediment is warmed, causing a decrease in alkalinity. The expected accompanying decrease in pH is not clearly apparent. ACKNOWLEDGMENTS I am indebted to the members of the scientific and technical staff of the Glomar Challenger for their assistance in data collection and especially to Dr. W. S. Broecker who made the punch-in pH measurements, provided stimulating Site 147 147B-1-2 147B-1-3 147B-1-4 147B-1-4 147B-1-4 147B-2-3/4 147B-2-2 147B-2-6 147B-4-3/4 147-6-4 147B-6-2 147-8-2/3 147B-7-4 147-10-3 147-10-3/4 147B-9-4 147B-11-3 147-14-3 147C-2-1 147C-2-2 147C-4-4 147C-7-3 147C-7-4 
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